Jejunal diverticulosis is a rare entity with variable clinical and anatomical presentations. Although there is no consensus on the management of asymptomatic jejunal diverticular disease, some complications are potentially life-threatening and require early surgical treatment. Small bowel perforation secondary to jejunal diverticulitis by enteroliths is rare. The aim of this study was to report a case of small intestinal perforation caused by a large jejunal enterolith. An 86-year-old woman was admitted with signs of diffuse peritonitis. After initial fluid recovery the patient underwent emergency laparotomy. The surgery showed that she had small bowel diverticular disease, mainly localized in the proximal jejunum. The peritonitis was due to intestinal perforation caused by an enterolith 12 cm in length, localized inside one of these diverticula. The intestinal segment containing the perforated diverticulum with the enterolith was removed and an end-to-end anastomosis was done to reconstruct the intestinal transit. The patient recovered well and was discharged from hospital on the 5th postoperative day. There were no signs of abdominal pain 1 year after the surgical procedure. Although jejunal diverticular disease with its complications, such as formation of enteroliths, is difficult to suspect in patients with peritonitis, it should be considered as a possible source of abdominal infection in the elderly patient when more common diagnoses have been excluded.
Introduction
Jejunal diverticulosis (JD) is an uncommon disease and usually asymptomatic [1] . The literature estimates that JD has an incidence of 0.06-1.3% although the prevalence seems to increase with age, making it a topic of discussion in older patients presenting with abdominal pain [2] . The highest incidence of JD occurs during the sixth and seventh decades of life, and the disease is thought to be more common in males. Whereas it is frequently seen in the duodenum, jejunal and ileal locations are very rare. Nearly 80% of small bowel diverticula occur in the jejunum, approximately 15% in the ileum, and 5% in both [3] .
More commonly, JD is diagnosed as an incidental finding of computed tomography (CT) imaging, small bowel barium radiographic series, or during surgery [3, 4] . It presents as pulsion diverticula thought to be the result of intestinal dyskinesia leading to high intraluminal pressure [3] . This high intraluminal pressure results in herniation of mucosa and submucosa through the weakest site of the muscularis, which is where blood vessels penetrate into the bowel wall. This explains the common location of JD at the mesenteric side of the bowel [3, 5] .
The majority of patients with JD have no symptoms. As a result, preoperative identification of the disorder can be quite difficult [3] . Some patients have a history of chronic symptoms such as vague abdominal discomfort, fullness, or recurrent central and upper abdominal cramping pain caused by pseudoobstruction [6] . Anemia due to iron deficiency and megaloblastic anemia have often been reported and commonly attributed to malabsorption, steatorrhea, and B12 vitamin deficiency [1] . Malabsorption could be explained by the nonsynchronous peristaltic movement of the bowel, the dilation of the diverticula, the stasis of the intestinal content and the bacterial overgrowth. However, patients with JD can present with a number of acute and emergent complications such as massive gastrointestinal bleeding, intestinal obstruction or perforation with a high mortality rate [1, 4, 7] . Obstruction may also occur secondary to adhesions, bowel volvulus, or due to migration and impaction of enteroliths. Enteroliths may form inside the JD and consist of choleic acid, either de novo or around a bezoar [1, 8, 9] . The acidic environment within diverticula is ideal for aiding the metabolism of bile salts to choleic acid, hence enterolith obstruction [9] .
Cases of JD complicated by enteroliths are indeed rare, but worth mentioning as they can produce an enterolith ileus or lead to perforation if the enterolith becomes impacted [2] . To the best of our knowledge only 39 cases of small bowel complication due to jejunal enterolithiasis have been reported in the literature [8] . The purpose of the present report is to present a case of small bowel obstruction and perforation due to an enterolith formed inside a JD that was successfully treated by intestinal resection.
Case Report
An 86-year-old woman presented to the emergency department with a 6-hour history of generalized abdominal pain mainly located in the periumbilical region, without fever, with five episodes of vomiting and stopped passage of gas and feces. The patient denied previous alterations of her bowel habits or rectal bleeding. She complained of previous occasional episodes of abdominal colicky pain with lesser intensity and had noted a weight loss of 4 kg in the last 4 months. She had a past medical history of hypertension with regular use of furosemide, methyldopa and angiotensin receptor antagonist. On physical examination the vital signs showed a temperature of 36°C, a heart rate of 115 bpm, and a blood pressure of 100/80 mm Hg. Physical examination of the abdomen revealed generalized abdominal tenderness and signs of diffuse peritonitis. There was presence of a reducible umbilical hernia without signs of incarceration or strangulation.
Laboratory investigations revealed a hemoglobin of 14.1 g/dl, an elevated white cell count (13,400/mm 3 ), a normal renal profile (urea 23.2 mg/dl; creatinine 1.1 mg/dl) and a serum amylases of 57 IU. Abdominal X-ray showed diffuse dilatation of the small bowel with presence of pneumoperitoneum, and ultrasonography of the abdomen and pelvis revealed a thickening of small bowel loops, confirmed the presence of pneumoperitoneum and showed a moderate amount of free fluid diffusely spread in the peritoneal cavity. With a diagnosis of perforated acute abdomen an emergency laparotomy was performed. The abdominal cavity was opened by an upper midline incision and we found a moderate amount of fecal and purulent fluid in the cavity and the presence of multiple JD, located mainly in the proximal 50 cm of the jejunum ( fig. 1) . One situated approximately 15 cm below the duodenal-jejunal flexure presented small perforation with 2 inches in diameter which intestinal contents drained. Through the wall of this perforated diverticulum it was possible to palpate a large enterolith 12 cm in major diameter. Initially, we chose to close the local perforation and to perform an extensive abdominal washout. We performed a resection of 50 cm of small bowel, 10 cm below the Treitz angle, removing the entire area containing JD. The intestinal transit was reconstituted by a single-layer end-to-end anastomosis with monofilament absorbable stitches. The umbilical hernia was corrected during closure of the abdominal wall without the need for a prosthetic mesh. The patient presented a favorable uncomplicated postoperative course and was discharged on the 5th day. One year after surgery, the patient showed no more abdominal pain and had recovered her initial weight.
Macroscopic examination showed a segment of small intestine approximately 55 cm in length, with an outsider diameter ranging from 2.0 to 3.5 cm, with reddish external serosa covered by fibrin plaques and purulent fluid. On the antimesenteric side the intestinal wall presented multiple JD with areas of thinning. Inside one of these diverticula we founded a large enterolith 12 cm in major diameter with an irregular yellowish outer surface ( fig. 2 ) that occupied the interior of the diverticulum and protruded into the intestinal lumen, causing partial obstruction. This JD had a perforation approximately 2.0 cm in diameter, which connected the small bowel lumen with the peritoneal cavity.
Histological sections showed small bowel dilatation and wall thinning of the jejunal mucosal, areas of necrosis, hemorrhage and intense neutrophilic exudate that covered all the coats of the wall of the small bowel. The wall of the JD containing the enterolith showed a fistula in continuity with the hole drilled in the region of insertion of the intestinal mesentery. Biochemical analysis of the enterolith showed that it was composed of choleic acid, the end product of bile salt metabolism, and calcium oxalate.
Discussion
JD was first described in 1794 as a rarely found disease with an incidence rate ranging from 0.3 to 1.3% in autopsy series to 2.3% in radiographic findings [10] . Despite being a rare disease, there is a greater prevalence in older patients presenting with abdominal pain [2, 7] . Of the patients with uncomplicated JD, the majority are asymptomatic or typically present with diffuse abdominal pain that radiates down the left side of the abdomen [7, 10] . In symptomatic patients, flatulent dyspepsia (epigastric pain, abdominal discomfort, flatulence 1 or 2 hours after meals), epigastric cramping pain, bloating tenderness, fever and abdominal fullness are usually reported [1, 2, 10] . Anemia due to chronic occult gastrointestinal bleeding, iron or B12 deficiency has often been reported and commonly attributed to malabsorption syndrome, diarrhea and steatorrhea [11] . Malabsorption could be justified by the nonsynchronous peristaltic movement of the bowel, the dilation of the diverticula, the stasis of the intestinal content and the bacterial overgrowth [1, 11] .
Thirty percent of patients develop symptoms, and 10% may present one of the associated complications that necessitate surgical intervention [7] . JD can be complicated not only by diverticulitis, but by hemorrhage, perforation, intussusception, volvulus, and even small bowel obstruction or perforation due to enteroliths formed inside these diverticula [1] [2] [3] [4] 12] . Complications of JD warranting surgical intervention occur in 10-30% of patients and the most common acute complications include diverticulitis, bleeding, enterolith formation, intestinal obstruction and perforation [3, 4, 12] . The incidence of jejunal diverticulitis with or without perforation ranges from 2 to 6% [13] . Intestinal subocclusion, reported in 10-25% of cases, is usually associated with JD as a result of peritonitis (following diverticulitis), perforation, strangulation and incarceration of an enterolith within a diverticulum [13] . Patients may present intestinal obstruction due to extruded enteroliths formed inside JD [1, 7] . JD complicated by perforation or obstruction presented a high mortality rate in the past, however the mortality has been minimized because of the amelioration of diagnostics, antibiotic therapy and surgical protocols [13] .
The pathogenesis of enteroliths within JD still remains controversial. Two theories have been proposed to explain the formation of enteroliths within JD [7, 12] . De novo stone formation theorized that enterolith is formed from choleic acid, the end product of bile salt metabolism. Deconjugation of bile salts by bacteria associated with the stasis of intestinal contents within the diverticulum, arising from the lack of peristalsis by the absence of muscular layer, predisposes them to precipitate and result in stone formation due to the acidic pH found in the proximal small bowel [1, 7, 12, 14] . Another etiological basis for stone formation is stagnation of food particles due to abnormal transit with resultant debris accumulation and stone formation. These stones can then remain within the JD and eventually lead to various complications [1] . The presence of cholelithiasis is common in patients with enteroliths. However, the high incidence of cholelithiasis in the elderly population makes it difficult to establish a common origin for both conditions [10, 11] .
JD is a challenging disorder from preoperative diagnostics. Plain abdominal radiography series of the abdomen are useful in the diagnosis of complications and may demonstrate evidence of perforation such as pneumoperitoneum or intestinal obstruction [15] . Occasionally, when the enterolith is rich in calcium oxalate, making it radiopaque, abdominal radiography series can identify it. The literature has shown that CT scan has variable reliability, while barium swallows are the gold standard for diagnosis [1] . CT may identify localized intestinal wall thickening due to inflammation or edema, abscesses, free abdominal fluids and pneumoperitoneum [16] . Multislice CT seems to be promising in diagnosing JD and appears more specific than enteroclysis concerning small bowel diseases and may identify the enterolith inside the JD or protruding into the intestinal lumen [16] . Endoscopic procedures, such as single-or double-balloon enteroscopy and wireless capsule endoscopy, are useful in diagnosing small bowel disorders, however these procedures are expensive, present low availability and cannot be used in the emergency setting, such as intestinal obstruction or perforation [17, 18] . It has been shown that both procedures are not free of risk [18] . Double-balloon enteroscopy may be associated with an increased risk of jejunal perforation [17] . Wireless capsule endoscopy is a new hopeful technique for the detection of small bowel diseases and is predominantly used in cases of occult intestinal bleeding. However the presence of a large JD is a relative contraindication to capsule endoscopy because of the possibility of capsule entrapment in the diverticulum [18] . Thus, the use of this method in patients with JD should be chosen with relative prudence [18] . The laparoscopic approach can be very useful in investigating patients with a complicated symptomatology [19] . Laparoscopy becomes a valid diagnostic approach for complicated cases, it is rapidly convertible into laparotomy, can show the area of the intestinal complication and can guide the surgeon to the ideal incision site on the abdominal wall, minimizing postoperative pain and morbidity due to a larger abdominal incision [19] .
The treatment of JD with perforated diverticulitis usually requires surgical indication. If the perforation of a JD causes only localized peritonitis without the presence of enteroliths and when the patient remains stable, it has been reported that a trial of nonsurgical management with intravenous antibiotics and other supportive measures alongside percutaneous CT-guided aspiration of localized intraperitoneal collections may be suitable and avoid the need for surgery [4] . However, the treatment of choice for perforated JD with presence of enteroliths causing generalized peritonitis is prompt segmental intestinal resection and primary anastomosis associated with careful washing of the peritoneal cavity [1, 10, 11] . The extent of the bowel resection depends on the length of the bowel affected by JD and the patient's operative condition [4] . If JD disease is extensive, the intestinal resection may be limited to include only the segment containing the perforated diverticula and to leave a segment of small bowel that still contains nonperforated diverticula, in order to avoid short bowel syndrome [4] . However, when the JD is located only in a small intestinal segment, as found in our patient, resection of the affected intestine can be achieved without loss of postoperative nutrition. Recently, the total laparoscopic approach has been used as a valid surgical strategy, even in cases of complicated diverticulitis [19] . When the patient's clinical condition makes surgical resection a high-risk procedure, some authors have proposed only the removal of enteroliths by enterotomy and debridement of the edges of JD with primary suture of the perforation, associated or not with drainage of the peritoneal cavity [2] .
Conclusion
JD is typically a benign condition that affects particularly the elderly population. Sometimes the disease can lead to complications such as intestinal perforation or perforation due to enteroliths. A high degree of suspicion is necessary in view of the high mortality and morbidity rates resulting from a delayed diagnosis of the disease. When complications occur, surgical excision of the affected intestinal segment is the best therapeutic option. 
